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Abstract:  Wavelet  transfonn  (WT)  is  a  new 
multiresolution  time-frequency  analysis  method.  WT 
possesses  well  localization  feature  both  in  time  and 
frequency  domains.  It  acts  as  a  group  of  band-pass 
filters  to  decompose  mixed  signal  into  signals  at 
different  frequency  bands.  EEG,  as  a  noninvasive 
testing  method,  plays  a  key  role  in  the  diagnosing 
diseases,  and  is  useful  for  both  physiological  research 
and  medical  applications.  Using  the  dyadic  wavelet 
transform,  the  EEG  signals  are  successfully 
decomposed  to  the  alpha  rhythm  (8-13Hz),  beta  rhythm 
( 14-30Hz),  theta  rhythm  (4-7Hz),  and  delta  rhythm 
(0.3-3EIz),  and  the  EMG  trembles  in  EEG  are 
effectively  removed  while  the  useful  information  of 
EEG  are  well  reserved  so  as  to  improve  SNR.  The 
experiment  results  are  given  in  the  end  of  the  paper. 
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1.  INTRODUCTION 

Electroencephalogram  (EEG)  is  the  summed 
electrical  activity  of  very  large  numbers  of  neurons.  It 
can  be  recorded  from  scalp  electrodes  in  human 
subjects  or  from  electrodes  implanted  in  specific  brain 
regions  of  experimental  animals.  EEG,  as  a  noninvasive 
testing  method,  plays  a  key  role  in  the  diagnosing 
diseases,  and  is  useful  for  both  physiological  research 
and  medical  applications.  A  lot  of  signal  processing 
techniques  have  been  widely  applied  to  the  analysis  of 
clinical  EEG  signal.  As  a  conventional  method,  Fourier 
transform  has  been  widely  used  for  the  spectral  analysis. 
The  validity  of  the  Fourier  technique  depends  on  the 
hypothesis  that  the  EEG  is  stationary.  In  practice,  EEG 
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signal  is  generally  time-varying,  nonstationary, 
sometimes  transient,  and  usually  corrupted  by  noise. 
Hence  it  should  be  usually  treated  as  random  or 
stochastic  processes. 

Recent  years,  the  time-frequency  analysis  (TFA) 
has  been  successfully  applied  in  some  biomedical 
signals  to  detect  both  temporal  and  spectral  features  of 
biomedical  signals.  Wavelet  transform  (WT)  is  one  of 
the  TFA,  and  has  been  used  successfully  in  many 
applications.  In  this  paper,  wavelet  transform  is 
applied  to  analyze  and  decompose  the  time-varying  and 
nonstationary  EEG  signal,  investigate  its  time- 
frequency  characteristics,  and  remove  the  noise. 


2.  METHODS 

Wavelet  transform  is  a  new  multiresolution  time- 
frequency  analysis  method.  WT  possesses  well 
localization  feature  both  in  time  and  frequency  domains. 
It  acts  as  a  group  of  band-pass  filters  to  decompose 
mixed  signal  into  signals  at  different  frequency  bands. 

The  complex  valued  function  ¥  (x)  is  said  to  be 
a  wavelet  if  its  Fourier  transform  W(  go  )  satisfies: 
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Let  V  S(x)=(l/s)  ¥(x/s)  be  the  dilation  of  W(x) 
by  the  scale  factor  s.  The  wavelet  transform  of  a 
function  f(x)  of  L2(R)  is  defined  by 


Wf(s,x)=f(x)*  ¥  s(x) 

Mallat  fast  algorithm  of  wavelet  tranform  is 
used  to  decompose  and  reconstruct  EEG  signals. 
Adopting  this  algorithm,  signals  are  decomposed  to 


Report  Documentation  Page 


Report  Date  Report  Type  Dates  Covered  (from...  to) 

25  Oct  2001  N/A 

Title  and  Subtitle  Contract  Number 

EEG  Multiresolution  Analysys  Using  Wavelet  Transform 

Grant  Number 
Program  Element  Number 

Author(s)  Project  Number 

Task  Number 
Work  Unit  Number 

Performing  Organization  Name(s)  and  Address(es)  Performing  Organization  Report  Number 

Dept,  of  Electronic  Engineering  Shandong  University  P.R. 

China 

Sponsoring/Monitoring  Agency  Name(s)  and  Address(es)  Sponsor/Monitor’s  Acronym(s) 

US  Army  Research,  Development  &  Standardization  Group  - 

(UK)  PSC  802  Box  15  FPO  AE  09499-1500  Sponsor/Monitor’s  Report  Number(s) 

Distribution/ Availability  Statement 

Approved  for  public  release,  distribution  unlimited 

Supplementary  Notes 

Papers  from  23rd  Annual  International  Conference  of  the  IEEE  Engineering  in  Medicine  and  Biology  Society,  October 
25-28,  2001,  held  in  Istanbul,  Turkey.  See  also  ADM001351  for  entire  conference  on  cd-rom. 

Abstract 


Subject  Terms 


Number  of  Pages 

3 


Proceedings  -  23rd  Annual  Conference  -  IEEE/EMBS  Oct.25-28,  2001,  Istanbul,  TURKEY 


wavelet  coefficients  in  different  scales.  Some 
coefficients  related  to  noises  are  discarded,  and  the 
remained  signals  are  reconstructed  by  inverse  WT,  then 
noises  can  be  removed. 

Mallat  proved  that  the  average  density  of 
modulus  maxima  of  a  white  noise  is  inversely 
proportional  to  the  scale  s  of  WT.  If  the  Lipschitz 
exponent  of  f(x)  is  a  , there  exists  a  constant  K  and 

I  Wf(s,x)  |  ^Ksa 

If  let  the  scale  s=2J,  then  we  have 

I  Wf(2j,x)  |  ^K2JQ 

Since  EEG  has  singularities  with  positive 
Lipschitz  exponent  and  the  Lipschitz  exponent  of  noise 
is  negative,  WT  of  EEG  and  noises  present  different 


inclination  with  the  increase  of  scale,.  Energy  of  noises 
concentrate  on  21  scale  and  decrease  significantly  when 
the  scale  increases,  while  EEG  concentrates  mainly  on 
scales  22-25.  By  eliminating  wavelet  coefficients  of 
small  scales,  denoised  EEG  are  reconstructed  by  other 
scales,  and  the  useful  signals  of  EEG  are  well  reserved 
while  noises  are  removed  effectively. 

3.  RESULTS 

Using  the  dyadic  wavelet  transform,  we 
successfully  decompose  the  EEG  signals  to  the  alpha 
rhythm  (8-13Hz),  beta  rhythm  (14-30Hz),  theta  rhythm 
(4-7EIz),  and  delta  rhythm  (0.3-3Hz)  as  shown  in  Fig.l, 
and  effectively  remove  the  EMG  trembles  in  EEG 
while  the  useful  information  of  EEG  are  well  reserved 
so  as  to  improve  SNR  as  shown  in  Fig.  2. 
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Fig.l  Noisy  EEG  signal  and  its  wavelet  transform  at  different  scales. 
Scalel  to  scale5:  dyadic  wavelet  transform  of  EEG  signal  from  scale  21  to  2s. 
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Fig.2  EEG  and  its  denoising:  (a)  EEG  signal  with  noise;  (b)  denoised  EEG. 


4.  CONCLOSION 

The  main  advantage  of  wavelet  transform  is  to 
provide  simultaneous  information  on  frequency  and 
time  location  of  the  signal.  EEG,  as  a  noninvasive 
testing  method,  plays  a  key  role  in  the  diagnosing 
diseases,  and  is  useful  for  both  physiological  research 
and  medical  applications.  By  wavelet  transform,  EEG 
can  be  decomposed  into  different  detail  components  or 
various  frequency  bands,  and  the  noise  also  can  be 
rejected  effectively  according  to  the  different  behavior 
of  WT  coefficients  of  signal  and  noise.  Doctors  may 
use  those  detail  components  and  denoised  EEG  for 
further  clinical  analysis.  It  is  indicated  that  WT 
provides  a  promising  method  to  characterize  the  EEG 
and  remove  the  noise. 
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